Abstract-In this work, the concentration of copper nanoparticles in virgin coconut oil were measured using surface plasmon resonance technique, and the gold layer was modified by using Polypyrrole Multi-Walled Carbon Nanotube composite layer. The concentration of nanoparticles and angle of resonance shifted from 0.066 mg/L to 0.71 mg/L and from 64.779
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I. INTRODUCTION
Nanostructures have unique properties and have sparked interest in biosensor, they have contributed to improve the sensitivity, selectivity, and multiplexing capacity in biosensors [1] .
Carbon nanotubes (CNTs) have been used as both electrode and transducer components in biosensors due to their interesting electrochemical and electrical properties including flexibility of varying the electrical property (from metallic to semiconductor), small diameters, high mechanical strength, and easy fabrication [2] , [3] .
In recent years, many researchers have reported about the properties of Polypyrrole (PPy) base biosensor [4] , [5] and heavy metal detection [6] - [10] . The conductivity of PPy was higher than other polymers. Moreover, the environmental stability and quick response recovery properties of PPy are better than some inorganic materials [11] .
Concentration of copper nanoparticle could measured using atomic absorption spectroscopy (AAS) or inductively coupled plasma-mass spectroscopy (ICP-MS). These methods have disadvantages such as the cost of instrument, chemical knowledge and nonlinearity of calibration curve. In this study, the Surface Plasmon Resonance (SPR) sensor based on polypyrrole multi-walled carbon nanotubes (MWCNTs) was used to measure the concentration of copper nanoparticle.
II. METHODOLOGY

A. Sensing layer
The Polypyrole Multi-walled Carbon Nanotubes (PPyMWCNTs) sensing layer was deposited on gold layer (49 nm) using electrochemical deposition. The MWCNTs (Nanostructure & Amorphous Materials) with 0.3% weight ratio was dispersed in sodium dodecylbenzensulfonate (SDBS) (Aldrich) that was dissolved in distillated water (DI) and sonicated for 3 hours. The distilled pyrrole monomer (Fuluka) was added in MWNCT/SDBS solution. Afterward, the PPy-MWCNTs solution was electropolymerized at +0.7 V for 20 s, 31 s, 41 s, 51 s and 60 s using a potentiostat (Model: PS 605, USA) at room temperature. The working electrode was the gold layer which was coated on glass slid and a graphite rod and saturated calomel electrode were utilized as the counter and reference electrode, respectively [12] .
B. Synthesis of Copper Nanoparticles
Synthesis and characterization of copper nanoparticle in virgin coconut oil (VCO) were presented in ref. [13] . The copper nanoparticles were prepared using laser ablation technique during 5, 10, 20 and 30 minutes. The concentration of copper nanoparticle was shifted from 0.066 to 0.71 mg/L , and the particle size were 11 nm, 10 nm, 7 nm and 4 nm, respectively.
C. Cu Ion Solution
In the preparation of Cu 2+ aqueous solution, 1g of CuSO 4 was dissolved in 1 liter of DI water that resulted in 1000 ppm of CuSO 4 solution. Then, other concentrations (0.01 ppm, 0.1 ppm, 1 ppm, 5 ppm, 15 ppm, 25 ppm and 50 ppm) were prepared by systematic dilution of the 1000 ppm of solution.
D. SPR Setup
The SPR setup is based on Kretschmann configuration [9] , [14] as shown in Figure 1 . The transverse mode (TM mode) of electromagnetic wave is achieved via the polarizer and delivered through a prism (SF52, Foctek). The PPy-MWCNTs layer was prepared on a gold coated glass slide (high index class SR52) that was attached to the high refractive index prism by using index matching liquid (F-IMF-105, Newport, USA). The prism and flow cell which contains the sample were placed on a rotation stage and rotated up to 30
• at increments of a 0.016
• step size. The photodiode that was attached to rotation stage is sensitive to intensity of incident light. The TM mode of He-Ne laser was excited the Surface Plasmon wave at the interface of sensing layer and sample. Hence, the photodiode was registered the variation of the incident light after reflection when the rotation stage is momentarily stopped and the SPR signal and resonance angle were achieved. The experiment was repeated more than ten times for each sample at room temperature.
The sensing layers with different thicknesses were separately attached to prism. When the distillated water pass through the flow cell, the SPR signals were registered for obtaining the real and imaginary parts of sensing layers. In addition, the distilled water was initially passed through the flow cell to determine a base line for sensing the Cu 2+ using PPy-MWCNTs with 0.3% MWCNTs.
The angle of resonance is a function of thickness, optical properties of gold layer and sensing layer. Sensing layer adsorbs the ions, and the binding occurs. The accumulation of ions on the sensing layer could be detected by SPR reflectivity signal because the refractive index of the sensor surface and the thickness of surface changed. The thickness may change due to bound ion on the surface of the sensing layer [8] .
III. RESULT AND DISCUSSION
A. Characterization of PPy-MWCNTs Sensing Layer
PPy-MWCNTs layers with different thickness were attached to prism for measurement the refractive index of PPy-MWCNTs composite layer. Figure 2 depicts the SPR signals, so solid lines are the theory which fitted to the experimental data (dotted point).
Fig. 2: SPR signal for different thickness of layer sensor
The refractive indices of layer were sorted in Table I , and the variation of real and imaginary parts of refractive index were drown in Figure 3 . When the thickness of layer increased the real part of refractive index decreased and imaginary part of refractive index increased.
B. Measurement Cu-NPs Using PPy-MWCNTs Sensing Layer
The SPR signals were shown in Figure 4 were registered prior to load the main sample to obtain the baseline • to 57.382
• and from 67.779
• to 64.96
• , respectively. The experiment was repeated 10 times for each samples. The SPR signals were analyzed with matrix method [14] , and (1) that is fitted to experimental data (*).
where ∆θ, ∆θ sat , k a and t are the angle shift, the saturated value of the resonance angle shift, the rate constant, and the response time of the sensor, respectively. 
IV. CONCLUSION A SPR sensor based on the Polypyrrole Multiwaled carbon nanotube sensing was developed successfully to evaluate the concentration of Cu-NPs with a sensitivity of about 0.01 ppm.
The sensing layers were characterized using SPR and the imaginary part of refractive index increased by increasing the thickness of layer.
